Purpose The optimal treatment strategy for patients with metastatic non-clear cell type renal cell carcinoma (nccRCC) remains unclear. Although several inhibitors of vascular endothelial growth factor have recently shown efficacy against nccRCC, the clinical benefit of pazopanib in nccRCC has not been analyzed. We therefore designed a single-arm, open-label, phase II study to determine the efficacy and safety of pazopanib in patients with nccRCC.
Introduction
Non-clear cell type renal cell carcinoma (nccRCC) is a heterogeneous mixture of diverse histologies including papillary, chromophobe, collecting duct, medullary and unclassified renal cell carcinoma (RCC). It usually accounts for approximately 20% of all RCC cases [1] and shows poor treatment response to systemic therapy and poor survival in comparison with clear cell RCC (ccRCC) [2, 3] .
Systemic therapy is the main treatment option for metastatic RCC and various kinds of therapy with strong evidence, such as sunitinib, pazopanib, and axitinib, are available for ccRCC [4] . However, there is little evidence and fewer available options for nccRCC. Temsirolimus is currently the preferred treatment for metastatic nccRCC and is especially recommended as an initial targeted agent for patients classified as poor risk according to the Memorial Sloan-Kettering Cancer Center (MSKCC) risk group [5, 6] . However, the evidence for this recommendation originated in a previous phase III trial of temsirolimus versus interferon  that included patients with poor-risk metastatic RCC of all histologic type and showed a clinical benefit of temsirolimus. For patients in the other risk groups, there is a lack of evidence for the use of targeted agents.
Pazopanib is a multi-targeted receptor tyrosine kinase inhibitor (TKI) that inhibits tumor cell proliferation and angiogenesis through selective inhibition of vascular endothelial growth factor receptors (VEGFRs), plateletderived growth factor receptors, and c-kit [7, 8] . Several clinical trials [9] [10] [11] have analyzed the efficacy and safety for this pazopanib and it is currently accepted as a first-line therapeutic option in patients with metastatic ccRCC. In patients with ccRCC, sunitinib and pazopanib showed similar efficacy, but pazopanib had lower toxicity than sunitinib [10] . In addition, pazopanib showed treatment response in patients with ovarian cancer, soft tissue sarcoma and nonsquamous cell lung cancer [12] [13] [14] .
Recently, sunitinib and sorafenib showed efficacy for patients with metastatic nccRCC in some reports, including an expanded-access trial [15, 16] . Specially, sunitinib showed a high overall response rate (ORR) of 36% [17] . Although there is one retrospective study [18] , the efficacy of pazopanib has not been prospectively surveyed in patients with nccRCC. Therefore, we designed a single-arm, open-label, phase II study to evaluate the efficacy and safety of pazopanib in patients with nccRCC.
Materials and Methods

Study design
This was an open-label, phase II, multicenter study conducted at nine centers in Korea. The protocol was approved by the institutional review board of each participating center, and the trial was conducted in accordance with the principles of the Declaration of Helsinki. All patients provided written informed consent before enrollment. GlaxoSmithKline (GSK; Seoul, Korea) provided pazopanib but was not involved in patient accrual, data analysis, or manuscript preparation. The trial was registered at ClinicalTrials.gov (NCT01538238).
Patient selection
Inclusion criteria were as follows: histologically confirmed RCC with more than 50% non-clear cell histologic component, including papillary type, chromophobe type, or unclassified cell types (excluding collecting duct and sarcomatoid type, but including tumors with sarcomatoid type or collecting duct type cells if they were less than 5% of the total cancer tumor); at least one measurable lesion by Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1 that had not been previously treated with radiotherapy; Eastern Cooperative Oncology Group performance status of 0 or 1; and adequate hepatic, renal and hematologic function. Patients who previously received angiogenesis inhibitors (such as sunitinib, sorafenib, or bevacizumab), mesenchymal-epithelial transition factor inhibitors or c-kit inhibitors for the treatment of RCC were excluded. However, patients who completed immune therapy (interleukin 2, interferon) at least 6 weeks previously or treatment with mammalian target of rapamycin (mTOR) inhibitor (everolimus, temsirolimus) at least 3 weeks previously could be enrolled in this study.
Treatment
Patients received 800 mg oral pazopanib once daily in 4-week treatment cycles until disease progression or unacceptable toxicity. Toxicities were evaluated according to the National Cancer Institute's Common Toxicity Criteria ver. 3.0. Grade 2 nonhematologic and grade 3 hematologic toxicities were managed by cessation of the drug until resolution to grade 1 and then resuming treatment without a dose reduction. If the patient experienced a second toxicity, the drug dosage was reduced to 600 mg once daily. Grade 3 or 4 hepatic toxicities were managed through dose interruption followed by dose reduction to 600 mg once daily. If dose reduction of more than 400 mg was required, patients were taken off the study.
Objectives and response evaluation
The primary endpoint was ORR, and secondary endpoints were progression-free survival (PFS), overall survival (OS), and safety. Radiographic imaging and tumor assessments were performed every 8 weeks based on RECIST 1.1 criteria [4] . All complete responses (CRs) and partial responses (PRs) were confirmed by repeated computed tomography (CT) scan evaluation per RECIST ver. 1.1. MSKCC risk group was defined based on 2002 risk model criteria [19] .
Statistical considerations
A Simon's two-stage phase II optimal design was used to assess the primary endpoint of response according to the following parameters: reference response rate of 10%; experimental response rate of 30%; and type I and II error rates of 5% and 20%, respectively. Ten patients were treated at the first stage and the study would be stopped early if fewer than two patients responded; otherwise, the study would proceed to the second stage, in which an additional 19 patients would be treated. If six or more responders were observed from the cumulative 29 patients, pazopanib would be considered worthy of further testing in this study population.
Standard descriptive and analytical methods were used to describe the patient population and their baseline characteristics and clinical outcomes. PFS and OS were estimated using the Kaplan-Meier method. We also used the Cox proportional hazards regression models to identify predictive factors of PFS and OS. Statistical data were analyzed using SPSS ver. 18 (IBM Corp., Armonk, NY, http://www.ibm. com).
Results
Patient characteristics
A total of 29 patients were enrolled between December 2012 and September 2014. The baseline patient characteristics are presented in Table 1 . The median age was 58 years (range, 27 to 76 years) and most patients were male (72%). Nineteen patients (66%) had papillary type and three patients (10%) had chromophobe type. Twenty-one patients (72%) were classified as MSKCC favorable risk, six (21%) as intermediate risk and two (7%) as poor risk. Twenty patients (69%) underwent prior nephrectomy: 14 (70%) for curative purpose and six (30%) for cytoreductive purpose. Two patients (7%) received immunotherapy and 12 patients (41%) were treated with mTOR inhibitors prior to this study. The median duration of pazopanib treatment was 8.8 months (range, 0.8 to 27.8 months).
Response and survival
One patient discontinued pazopanib before CT response evaluation because of death as a result of disease deterioration. No patient showed CR, eight patients showed PR and 17 Table 2) . After a median follow-up period of 21.3 months, the median PFS was 16.5 months (95% CI, 10.9 to 22.1). Median OS has not been reached yet with a 1-year survival rate of 69% (Fig. 1) . According to histologic type, ORR was 39% for papillary type, 33% for chromophobe type, and patients with unclassified type RCC did not show any response (Table 3) . During the followup period, disease progression were observed in 17 patients (59%) and 12 patients (41%) died. Causes of death were disease progression (10 patients), pneumonia (one patient), and microperforation of small bowel (one patient). In survival analysis for PFS and OS, only MSKCC risk group (p < 0.001) was a predictive factor for OS (S1 Table) .
Adverse events
Twenty-eight patients (97%) experienced one or more adverse events (AEs) ( Table 4 ). The most common AEs were hypertension (66%), nausea/vomiting (59%), hair color change (59%), diarrhea (55%), anorexia (48%), mucositis (45%), and abdominal pain (41%). The most common laboratory abnormalities were hepatic dysfunction (45%) and hematologic dysfunction (anemia 17%, leukopenia 14%, thrombocytopenia 24%). Sixteen patients (55%) had AEs of grade  3. The most common grade  3 AEs were hepatic dysfunction (24%), thrombocytopenia (10%), and abdominal pain (10%). Dose reduction and delays due to AEs occurred in 19 (66%) and 17 (59%) patients, respectively. Most AEs were overcome through dose reduction and/or delay; only one patient stopped treatment with pazopanib because of grade  3 hepatic dysfunction. Treatment-related mortality was observed in one patient (3%, pneumonia).
Discussion
In patients with clear cell type histology of metastatic RCC, many studies have been performed on treatment for first-line therapy as well as subsequent therapy and several therapeutic agents are available as treatment options in these patients. However, the optimal therapy for nccRCC type remains unclear. Thus, enrollment of patients with nccRCC type to clinical trial is required according to National Comprehen- sive Cancer Network guidelines [4] . As a result, treatment strategy of metastatic nccRCC is currently challenging and various studies should be conducted to demonstrate clinical efficacy of available therapeutic options in these patients.
Temsirolimus is a first-line therapeutic agent that could be considered for patients with metastatic nccRCC. In subgroup analysis of the global advanced RCC trial, the median OS was 11.6 months with temsirolimus and 4.3 months with interferon-alpha for nccRCC patients [5, 6] . However, this trial enrolled patients with clear cell type as well as non-clear cell type and only included poor-risk patients according to MSKCC risk criteria. In phase II trial of everolimus, another mTOR inhibitor, the ORR was 10.2% and median PFS was 5.2 months in patients with metastatic nccRCC who previously received a VEGFR-TKI [20] .
In the case of TKIs, various therapeutic agents have showed clinical efficacy for ccRCC patients and are currently used as standard therapy. For this reason, several TKIs have been tested in metastatic nccRCC and there are reports of the use of sunitinib, sorafenib, and erlotinib in these patients. All of these studies were phase II or expanded-access trials, and the phase III trial of TKIs in this setting has not been surveyed yet. In the phase II trial (n=31) for sunitinib, median PFS was 6.4 months and ORR was 36% [17] . In another study of treatment with sunitinib or sorafenib, ORR was 23% and median PFS was 10.6 months (n=53) [16] . A phase II study of erlotinib in patients with papillary RCC (n=45) showed an ORR of 11%, DCR of 64%, and median OS of 27 months [21] . Several clinical trials using pazopanib or axitinib in patients with metastatic nccRCC are currently ongoing.
In this study, we analyzed the clinical efficacy and safety of pazopanib in patients with metastatic nccRCC. As a result, the ORR was 28% and DCR was 89%. The median PFS was 16.5 months (95% CI, 10.9 to 22.1) and 1-year OS rate of 69%. This is the first report of the use of pazopanib in patients with metastatic nccRCC and showed promising efficacy in these patients. Based on these findings, further research is required to define the optimal treatment for patients with advanced nccRCC.
This meaningful efficacy seems to result from the fact that all patients had good performance status and many were classified as MSKCC favorable (72%) or intermediate (21%) risk groups. In a previous study, temsirolimus showed a survival benefit in the poor risk group [6] . Also, in another study, the median PFS was longer with sunitinib than with everolimus in good or intermediate risk group of nccRCC patients, but median PFS was longer with everolimus than with sunitinib for the poor risk group [22] . The enrolled patients of our study included a relatively high proportion in favorable or intermediate risk groups compared with other studies, and this might increase the efficacy of pazopanib. With regard to subtypes of nccRCC, papillary type 1 and chromophobe RCC tend to have an indolent disease course, whereas collecting duct and unclassified subtypes are associated with poor outcomes [23, 24] . Although only a small number of patients were included in this study, papillary and chromophobe types showed a treatment response to pazopanib, whereas the unclassified type group had no responders. Further studies of the optimal treatment according to each risk group and histologic subtype in patients with nccRCC are needed.
Most patients (97%) suffered AEs related to pazopanib treatment during the follow-up period and AEs of grade  3 were reported in 55% of patients in this study. However, these AEs were almost all clinically manageable through dose modification or interruption, with the exception of only one patient. Treatment-related mortality was confirmed in 3% of our patients (one patient, who died from pneumonia). Although one patient died due to microperforation of small bowel, which was a serious and unexpected AE, we consid- PR, partial response; SD, stable disease; PD, progressive disease; ORR, overall response rate; PFS, progression-free survival; CI, confidence interval; OS, overall survival.
ered the association between microperforation and pazopanib low. In previous trials, gastrointestinal (GI) perforation was a rare (< 1%) AE associated with pazopanib and most cases were GI perforation caused by formation of a fistula in patients who showed a tumor response [25] . The patient in our study had only bone metastasis at diagnosis and the treatment response was SD. Also, in the meta-analysis, the use of VEGFR-TKIs does not seem to increase the risk of GI perforation compared with controls [26] . Thus, we suspect that this case did not represent treatment-related mortality. These safety profiles seems to be consistent with the results of previous studies of pazopanib in patients with metastatic RCC [9] [10] [11] . Therefore, pazopanib treatment was considered to be tolerable in patients with metastatic nccRCC. This study demonstrated promising activity of pazopanib in patients with metastatic nccRCC. Although most patients experienced AEs, pazopanib was tolerated in these patients. Further investigations are needed to evaluate the clinical efficacy of pazopanib according to histologic subtype and risk group among patients with metastatic nccRCC.
